Objective: The aim of the present assessment was to identify "genuine" medical papers generated by Turkey's institutions that have contributed most to cardiovascular medicine.
tors of active scientific publication. [3] It is generally accepted that the number of publications with "top" citations, as opposed to overall citations, is the best indicator of national or institutional scientific contribution. [4] Progress of countries slowly emerging in terms of medical research is impeded by the increasing proportion of internationally "collaborative" papers and the citations they acquire, compared to research "genuinely" originating from native institutions. I have recently documented that, for Turkey, an overwhelming, unsustainable share of the contribution to medicine has been generated by internationally "collaborative" papers. [5] The first aim of the present assessment was to identify the outstanding authors and papers originating from native institutions that contribute to cardiovascular medicine, as determined by citations received. The second aim was to document whether the generation of such publications in Turkey has accelerated or slowed, compared to an evaluation conducted 4 years earlier. [6] 
METHODS
The Web of Science Core Collection database (Thomson Reuters Corp., New York City, NY, USA) was used to obtain current citations. "Turkey" and "Tür-kiye" were used as search terms. Publications in clinical or cardiovascular medicine were targeted. When sorted by highest to lowest number of citations, articles or reviews cited 40 or more times were selected. Papers were defined as "genuine" when the first 3 authors worked in a Turkish university or hospital. All others, defined as "collaborative," were excluded. The following criteria were also met by included papers: Either the primary author was a cardiologist, or the main topic was cardiovascular medicine, and it was published in a periodical confined to the subject. A total of 160 papers were included.
In papers with authors from multiple institutions, the first author and his or her institution were credited. In order to prevent the omission of certain researchers, 38 primary authors known from previous research were searched for individually. [6] When authors had produced highly-cited papers (a term used more broadly in the present assessment than by Web of Science) at multiple institutions, the citations were assigned to each institution.
The closing index period for data retrieved from Web of Science was late July 2015. Intrinsically eligible citations to references incorrectly or inadequately provided, estimated to constitute 5-10% of Web of Science citations, and to periodicals not included by Web of Science were excluded from the present assessment.
Estimates of the expected distribution of "highly cited" papers were based on the number determined in 2005 and the 10th percentile data provided by Web of Science.
Period elapsed from the index date of the median publication year (25 th and 75 th percentiles) was used to assess the rate of the generation of such papers and was compared with the results of a study that preceded the present by 4 years. [6] 
RESULTS
A total of 160 "genuine" papers published in the field of cardiovascular medicine in the past half-century that received 40 or more citations were identified. These papers received 10,227 overall citations. Source information is displayed in Table 1 .
The temporal distribution of these publications is illustrated in Figure 1, Regarding the distribution of papers among the 3 fields of cardiovascular medicine, the overwhelming majority, 113 papers, dealt primarily with cardiology, 34 with cardiovascular surgery, and 6 with pediatric cardiology. In 16 articles, cardiologists collaborated with specialists in endocrinology, nephrology, biochemistry, radiology, gynecology, oncology, hematology, public health, or physical medicine. İstanbul and Demirel University medical faculties followed, each with 9 or 10 papers, the medical faculties of Erciyes University and Ege University with 6, and the Pamukkale University Medical Faculty with 5. The remaining 55 papers were generated by 28 other institutions.
Nine hospitals not affiliated with academia contributed to 38 publications, nearly a quarter of the total.
Leading institutions and scientists
Only 38 medical institutions produced the 160 papers included. Hacettepe University Faculty of Medicine, having produced 19, Cerrahpaşa Medical Faculty 17, Kartal Koşuyolu Training and Research Hospital 13, and Turkey's Yüksek İhtisas Training and Research Hospital 11, collectively generated three-eighths of the papers (Table 2 ). GATA and İstanbul University Table 2 . Thirty-eight source institutions of the "highly" cited papers
Overall performance and comparison with that of 4 years prior
The acquisition of citations is a cumulative, highly time-dependent process. Therefore, the median exposure period must be taken strictly into account. Slightly more than half the papers included in the present study, 92, were published between 2001 and 2006. During this period, a mean of 15 were generated annually. Given the existence of 80 medical faculties and the number of Ministry of Health research hospitals, this performance falls short of anticipated national potential.
There are 3 indications that current performance is lower than that of 4 years earlier. [6] First, the interquartile range exposure period (7.8 to 14 years) has broadened slightly to 8.7 to 14 years, indicating that a longer period was needed to reach a threshold of citations. Second, the cutoff used in the present assessment was, moreover, a relatively lower threshold, as explained above. Indeed, the former criterion of ≥37 citations corresponds to an estimated 52-53 citations in the present analysis. Third, the decline in citations attained since 2006 is concerning. The estimated average number of articles that met the current criteria in the 8 years preceding the index date is diagrammatically represented in Figure 1 . Calculations made according to Web of Science data suggest that citations attained within 3-4 years of publication amount to no less than half of those attained within 8 years of publication. Therefore, it is estimated that only a third of the expected number of papers have been generated by Turkey's institutions since around 2006, judging from the momentum of research generation at the time.
Estimating that the average number of papers published in the top 15th percentile in cardiovascular medicine over the past two decades is approximately 3000 per year, the generation of an annual mean of 9 papers in Turkey since 1999 roughly represents a global share of 3 per mille. This is hardly satisfactory for the potential of Turkey.
Institutions and researchers
It is noteworthy that roughly 1 in 3 medical faculties or major hospitals with departments of cardiology have not, in the past quarter century, produced a paper that would meet inclusion criteria. These include the Akdeniz, Atatürk, Çukurova, Osmangazi, Uludağ, and Yüzüncü Yıl university medical faculties, as Nineteen scientists serving as primary authors of multiple publications are listed in Table 3 , along with the total number of their citations, their affiliated institutions, and the time period of their contributions. Collectively, they produced approximately 38% of the papers and citations included.
Three-eighths of the papers included (61) were published in the following 9 journals: Ann Thorac Surg (11 papers), Atherosclerosis and Am J Cardiol (10 each), Int J Cardiol (8 papers), Coron Artery Dis and Eur J Cardiothor Surg (5 each), and Heart, Am Heart J, and J Cardiac Surg (4 papers each).
DISCUSSION
The present study evaluated the "genuine" contribution of Turkey's medical institutions to global knowledge in the field of cardiovascular medicine, based on data retrieved from Web of Science. Publications representing internationally "collaborative" papers were excluded, as it has been recently shown that such such papers, forming over two-thirds of the country's relatively highly-cited publications, have arguably diluted the actual performance capacity of the country. [5] A modestly high threshold of citations, ≥40, representing a slightly weaker threshold than that of ≥37 used in the assessment 4 years ago, [6] was selected with the purpose of attaining a substantially larger number of papers representing a wider scope.
The main findings were as follows. The 160 papers included reflected only the global top 15% of papers in cardiovascular medicine. Median exposure time was 10.4 years. Only 10 articles published since 2010 have attained this many citations. Only 38 institutions generated the research reflected in these articles, three-quarters of which were medical faculties. This indicates that such performance was largely confined to well-established institutions. Relatively few younger researchers active in the past decade have contributed to these papers.
It is generally agreed that the number of relatively highly-cited papers is the best indicator of contribution to science, [3, 4] supported by the adoption of papers with the upper 10% of citations as a criterion in the Leiden Ranking. [7] competency has been sidelined more pronouncedly, compared to 10-20 years ago, there is less incentive to academically promote thorough research. Moreover, medical faculties have been receiving increasingly less governmental support for the maintenance of suitable research environments, and have thus been increasingly less able to retain experienced academic staff, while state hospitals are increasingly turned away from research and reoriented to function primarily as outpatient clinics with heavy patient burden.
Under such conditions, zealous staff members are tempted to gain high numbers of citations by taking a shortcut and joining international trials (contributing few cases), while more experienced staff members join consensus statements, etc. It should be made clear that each citation does not reflect equal merit, but rather reflects the position of the particular author; the share in citations of the individual author and the number of highly-cited papers are of major import.
To conclude, 160 papers with 40-355 citations, received at a median 10.4 years, were identified in the present assessment of the "genuine" contribution of Turkey's medical institutions to global knowledge in the field of cardiovascular medicine. This performance is not only slightly lower than that determined in an evaluation 4 years earlier, it also reveals a dramatic reduction in the number of papers of this quality published since 2006. The number of medical faculties and hospitals generating these papers has fallen to 38, indicating disappointing performance from a majority of institutions.
well as the Şişli Florence Nightingale and Bayındır medical centers, all of which have been established throughout the period of study, while numerous newer cardiology centers may have the excuse of limited experience.
On the positive side, the Hacettepe and Cerrahpaşa medical faculties, and the Kartal Koşuyolu Training and Research Hospital are to be commended for having generated over a dozen papers each that have met the inclusion criteria. Turkey's Yüksek İhtisas Training and Research Hospital and the İstanbul and Süley-man Demirel University medical faculties, as well as GATA, merit similar acknowledgment.
Periodicals as vehicle for successful research
A trend among journals with relatively high impact factors and papers receiving higher citations has become clear: All use as examples publications including Circulation, J Am Coll Cardiol, Atherosclerosis, Stroke, Heart Am J Cardiol, J Thor Cardiov Surg, and Int J Obes. The converse is not a strict rule; namely, periodicals with relatively low impact factors (1-2 in the early 2000s) have also mediated to success in accumulating citations in the order of 50 to over 100. Examples are Clin Cardiol, Clinics, Coron Artery Dis, Echocardiography, Endocrine J, Fertil Steril, Int J Clin Pract, PACE, J Cardiac Surg, and Thor Cardiov Surg. This observation strongly supports the view that well-designed and well-executed research may likely achieve notable impact, even when published in comparatively low-ranked journals.
Missing constituents for closing the gap in cardiology research
Cardiovascular surgery and pediatric cardiology in particular have severely lagged in contributing to the field. The share of acquired impact of the 3 fields (cardiology-cardiovascular surgery-pediatric cardiology) was 3-2-1 a decade ago, [8] vastly differing from the current share of 20-6-1. The generation of high-quality papers in cardiovascular surgery has slowed to the extent that only 16 papers (compared to the previous 19) have met the present inclusion criteria.
It is little wonder, given the decline in the general quality of education and the stagnation in the global share of scientific papers from Turkey, [9] that higherquality research in cardiovascular medicine has been found to stagnate as well. A main reason is that, because
